Abstract The aim of this study was to assess the safety, effectiveness and pattern of inserting tension-free vaginal tape (TVT) slings alongside other gynaecological operations. It was a retrospective case note review of 116 patients who had a range of minor and major vaginal, laparoscopic and abdominal procedures at the same time as having TVT sling insertion at five district general hospitals in the UK. It showed an overall incidence of complications of 22.4% and laparotomy was not required. A patient had bladder perforation, another had blood transfusion, a third had infection at the site of needle passing, and three patients had urinary tract infection. The overall incidence of complications in this series was significantly higher in those having major concomitant surgery than in the total group. Although 9.5% of patients had catheters for more than a week, only two patients (1.7%) required prolonged intermittent self-catheterisation. Development of overactive bladder symptoms was reported by 8.5% of those who had pure urodynamic stress incontinence prior to surgery. Ninety-four per cent of patients were dry at 6 weeks. All major abdominal procedures were carried out under general anaesthesia prior to TVT sling insertion. A considerable variation was observed in operative and anaesthetic technique with all other concomitant procedures. These results demonstrated that TVT sling insertion alongside other minor and major gynaecological procedures did not undermine the safety or effectiveness of TVT sling insertion. Operative and anaesthetic practice varied considerably, calling for randomised controlled trials to provide evidence for best practice.
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Background
Patients having tension-free vaginal tape (TVT) sling insertion for urodynamic stress incontinence may also have other gynaecological condition(s) that necessitate additional gynaecological surgery. This particularly applies to pelvic organ prolapse as there is a recognised association between the two conditions [1] . Less commonly, patients may have other problems that require surgical management, such as abdominal hysterectomy for heavy periods [2] . In such situations, there is a choice between performing both procedures at the same time or in two separate settings. Although there are published reports on TVT sling insertions alongside other gynaecological procedures, all of these reports are limited to vaginal management of pelvic organ prolapse and vaginal or laparoscopic-assisted vaginal hysterectomy [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Of these studies, one looked at prophylactic insertion of TVT sling insertion for occult stress incontinence at the same time as having vaginal surgery for severe (grade 3 or more) pelvic organ prolapse [3] and two included patients with urodynamic as well as occult stress incontinence [10, 13] .
This limitation was highlighted by the National Institute of Clinical Excellence in its guidance on the use of the TVT sling [15] . This means that clinicians do not have clear guidance as to how best to manage urodynamic stress incontinence of urine in the era of mid-urethral tape slings at the same time as dealing with other gynaecological problems. It also means that there is no account of current practice under these circumstances. The aim of this study was to look at the safety and short-term effectiveness of TVT sling insertions alongside other gynaecological procedures and provide an account on how such concomitant procedures are carried out.
Method
The primary outcome measure for this study was the incidence of operative or immediate postoperative complications, including voiding dysfunction, during and/or following TVT sling insertion alongside other gynaecological procedures. Subjective outcome at the 6-week follow-up visit was considered as the secondary outcome measure. The nature and order of concomitant gynaecological surgery, type of anaesthesia used and hospital stay were noted.
Sample size calculation was based on noting 39% complication rate when TVT sling insertion was performed alone [16] . To detect a 20% increase in this rate to 59%, with 80% power and 95% confidence (0.05 significance), required 107 cases.
In view of the limited number of such procedures carried out in individual hospitals, it was necessary to get cases from several hospitals, and it was possible to obtain data from five placements. Data were collected from patient notes using data collection sheets and downloaded onto Microsoft Works 5.0 for Windows database (www.msn. com). Statistical tests were carried out on Stata 6.0 for Windows (www.stata.com). Normally distributed continuous data were described using the mean and standard deviation, resorting to the median and interquartile range for those not fitting a normal distribution. Categorical data were described using numbers and percentage and compared using χ 2 test. Insertions were made according to the technique described by Ulmsten et al. [17] . Patients were followed up at 6 weeks and outcome was assessed subjectively, cure being defined as no leakage, improvement when there was significant reduction in leakage such that patients did not need further management and failure when there was inadequate improvement. The development of overactive bladder symptoms in those with pure urodynamic stress incontinence was noted.
Findings
A total of 116 patients were identified from theatre information systems in the five hospitals since the start of using the TVT sling in 1999 until 2007, and all the notes were available. The number of patients included from each hospital is shown in Table 1 . Patients' background features are shown in Table 2 . Operations were performed by different consultants or under their direct supervision. Two cases had a combination of general and regional anaesthesia: One had spinal until the TVT sling was inserted and the other was woken up after completion of vaginal hysterectomy and posterior repair for cough test adjustment of the TVT tension. The nature of concomitant surgery is shown in Table 3 and the order in which surgery was performed shown in Table 4 . Operative and postoperative complications are shown in Table 5 . Subjective outcome at 6 weeks of follow-up is shown in Table 6 .
Discussion
This study looked at concomitant gynaecological surgery alongside TVT sling insertion, taking complications as its primary outcome measure. The overall incidence of complications in this study was 22.4%. There was one bladder perforation and no one required laparotomy, which is better than encountered in the randomised trial that compared TVT to Burch colposuspension [16] . One patient required blood transfusion and another had infection at the site of passing the needle holding the TVT sling. Urinary tract infection developed in three cases (2.6%). Whilst these are less than that reported in the randomised controlled trial which compared TVT sling to Burch colposuspension [16] , one must bear in mind that prospective studies may have better recording of complications. The low incidence of complications in this series matches most of the published studies [3, 4, 7-9, 12, 13] . On the other hand, one study [5] showed an increased incidence of bladder perforation in those having sling insertion alongside vaginal hysterectomy, mostly in those with previous continence surgery. Another study reported significantly more blood loss in patients having vaginal surgery for pelvic organ prolapse alongside TVT sling insertion in comparison to those having TVT sling insertion alone [11] . However, the study did not indicate whether this was the result of TVT sling insertion or surgery for pelvic organ prolapse. A bladder perforation rate of 6.7% was reported by one study [9] which included 45 patients, of whom eight had sling insertion alone, and the results were grouped together, making it difficult to establish the incidence in patients having concomitant surgery. Another one, which only involved surgery for pelvic organ prolapse, reported a complication rate of 29.7% [6] . This study, however, grouped all complications, including anaesthetic ones, together without providing much detail, making it difficult to make a proper comparison of individual complications.
The incidence of complications in this series was significantly higher in those having major concomitant surgery than in the total group. However, this applied only to all complications grouped together rather than individual complications. The rate was still lower than the rate of complications encountered in the randomised controlled trial that compared TVT sling to Burch colposuspension [16] . Whilst it is logical that major surgery would be associated with more incidence of complications than minor surgery, a similar observation was not reported by any of the published studies that looked at TVT sling insertion alongside other gynaecological procedures [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Nonetheless, published studies looked at a much smaller range of concomitant gynaecological procedures, whereas this series included the full range of concomitant gynaecological operations. The rate was not significantly higher in those who had previous continence surgery. It is important to bear in mind that neither this series nor the published studies were powered to compare the safety of concomitant surgery in different subgroups of patients. The link between bladder perforation and previous continence surgery is controversial. For TVT sling insertion without concomitant surgery, one study showed a significant association [18] , though another did not [19] . The patient who had bladder perforation in this series did not have previous continence surgery and did not have a major concomitant gynaecological operation. An association was noted in one of the studies that compared TVT sling insertion with and without vaginal hysterectomy [5] . Two studies reported at least half their bladder perforations in patients with prior continence surgery during TVT sling insertion alongside vaginal surgery for pelvic organ prolapse [4, 11] as well as without concomitant surgery [12] . It is important to bear in mind that none of these studies, including the series outlined here, was powered to detect an association between previous continence surgery and bladder perforation.
Almost a tenth of patients had catheters for more than a week, which is higher than reported in the randomised trial [16] . On the other hand, only two patients (1.7%) required intermittent self-catheterisation for months, which is lower than in the randomised trial [16] . The different ways of bladder management in published studies precludes direct comparison. No catheters were inserted in one study [4] and all the catheters were removed within 9 days in another [9] . Three non-comparative studies showed a higher incidence of voiding dysfunction than encountered in this series. In the first one [8] , where no catheter was left more than 5 days irrespective of the postvoid residual volume, five patients (9.1%) required intermittent self-catheterisation. In the second one [13] , where suprapubic catheters were checked for residual urine volume after 72 h before removal, 12% of patients had dysfunctional voiding and 3% of patients required clean intermittent self-catheterisation for up to 3 weeks postoperatively, which is higher than in this series. In the third [6] , 43% of patients required catheterisation more than 3 days, which is more than that encountered in this series. The author noted an association between voiding dysfunction and concomitant posterior vaginal wall repair as well as previous continence surgery. On the other hand, 6.7% of patients had a suprapubic catheter inserted on the tenth postoperative day for up to 2 weeks in a study that entailed prophylactic TVT sling insertion for occult stress incontinence at the time of having vaginal surgery for severe pelvic organ prolapse [3] .
Evidence from comparative studies is equally conflicting. On one hand, a study [5] indicated that 7.5% of patients had voiding difficulties lasting more than 15 days when TVT sling was inserted alongside vaginal hysterectomy and there was no significant increase with concomitant surgery; another showed a significant increase in urinary retention in patients having mesh repair for pelvic organ prolapse with TVT sling insertion only up to 7 days after surgery, but no significant difference beyond that [10] . On the other hand, patients having TVT sling insertion alongside vaginal hysterectomy with or without posterior vaginal wall repair required a significantly longer duration of catheterisation than TVT sling insertion alone [5] , and another study reported more cases of transient urinary retention in patients having TVT sling insertion alongside vaginal surgery for pelvic organ prolapse [11] . It is worth bearing in mind that neither this series nor published studies were powered to assess the impact of concomitant surgery on retention of urine following TVT sling insertion. Seven patients (6%) required stretching the sling under general anaesthesia. No such practice was described in the randomised controlled trial that compared TVT sling to Burch colposuspension [16] , and it is to be noted that sling stretching was carried out only in three of the five hospitals included in this study, which again shows variation in bladder management. Stretching was needed in 10.4% of cases in one study that included patients having vaginal surgery for pelvic organ prolapse or laparoscopic-assisted vaginal hysterectomy, though no information was provided about the type of anaesthesia used for sling stretching [6] . Sling incision was performed in 2 out of 26 (7.7%) patients after TVT sling insertion alongside mesh repair for pelvic organ prolapse [10] . Notwithstanding the variation in bladder management and conflicting evidence, the overall impression of the results of this series as well as available evidence is that voiding dysfunction can be a temporary problem following TVT sling insertion alongside concomitant gynaecological surgery, but only a minority of patients may need sling stretching/incision or long-term intermittent self-catheterisation.
It is worth looking at voiding dysfunction when concomitant surgery was carried out without TVT sling insertion. It was difficult to do this in all five hospitals included in this series, in view of the distance and number of cases involved. Looking at published studies is fraught with difficulties due to considerable variation in bladder management as well as the criteria used to define voiding dysfunction [20] . In addition, there are no studies comparing non-continence gynaecological surgery with or without TVT sling insertion. One study [21] reported voiding dysfunction in 8.7% 72 h after vaginal surgery for pelvic organ prolapse, dropping to 1.1% after 6 days, with no patients needing intermittent self-catheterisation at 2 months of follow-up. Eight per cent of the patients included in the study had Kelley's sutures (bladder neck buttressing), as a continence procedure, carried out at the same time. The study showed large cystocele (grade ≥3), excessive intraoperative blood loss and levator plication, in addition to Kelley's sutures (bladder neck buttressing), to be independent predictors of short-term retention of urine. With respect to more general gynaecological surgery, one study reported an overall retention of urine incidence of 9.2% following a variety of gynaecological procedures, including surgery for pelvic organ prolapse in 10.2% of cases [20] . This was based on ultrasound post-void bladder volume exceeding preoperative bladder capacity, which in turn was estimated by adding voided volume at spontaneous uroflowmetry to ultrasound post-voided bladder volume. The highest rate was following laparotomy and abdominal hysterectomy, reaching 55.6% and 13.7%, respectively. Regarding vaginal vault surgery, one study reported 15.6% and 8.3% urinary retention beyond 5 days following abdominal sacrocolpopexy and sacropsinous fixation, respectively [22] and another reported spontaneous voiding within 7 days in 75% patients following sacrospinous fixation, with seven patients (11.1%) continuing to have voiding dysfunction at follow-up which resolved within 3 months.
Whilst these studies report higher as well as lower rates of early voiding dysfunction than encountered in this series, long-term voiding dysfunction was lower than those encountered in this series. However, these studies did not focus on continence surgery. It is pertinent to bear in mind that voiding dysfunction can be affected by a multitude of factors, including patient age, nature of surgery, type of anaesthesia, postoperative pain and its management, hydration and ambulation even in surgery not involving the abdomen or the pelvis [23] . This is not to undervalue the observation that inserting TVT slings alongside other gynaecological operations may increase the incidence of early voiding dysfunction as this can potentially have longterm complications [24] , but rather shows the complexity of assessing the possible link, which in turn highlights the need for further studies into this area as part of assessing the safety and effectiveness of this combined approach.
Nine out of the 106 patients (8.5%) who had pure urodynamic stress incontinence prior to TVT sling insertion reported new-onset overactive bladder symptoms at 6 weeks of follow-up. The randomised controlled trial that compared TVT sling to Burch colposuspension [16] and one of the studies that reported TVT sling insertion alongside other gynaecological surgery [7] gave no information about overactive bladder symptoms or the incidence of de novo detrusor overactivity. The lowest reported rate was 1.7% in a study that looked at insertions alongside vaginal surgery for pelvic organ prolapse [8] . One study reported an incidence of 6% in a mixed group of patients having TVT sling insertion with as well as without concomitant vaginal surgery for pelvic organ prolapse and was not significantly different between the two groups [11] . The incidence was 6.7% in one study that included patients having laparoscopic-assisted vaginal hysterectomy [14] and 8% after TVT sling insertion alongside vaginal surgery for pelvic organ prolapse [13] . The highest rate was 13.3% following prophylactic TVT sling insertion for occult stress incontinence at the time of having vaginal surgery for severe pelvic organ prolapse [3] . The rate found in this study is therefore within the reported range in published studies. Ninety-four per cent of patients were dry at 6 weeks, and two patients (1.7%) had failures that required repeat sling insertion. Whilst this is better than the randomised trial that compared TVT sling to Burch colposuspension [16] , the outcome in this series was based on subjective evaluation at 6 weeks of follow-up rather than urodynamic assessment at 6 months, which was the case in the randomised trial. It is also higher than in other studies that reported objective outcome at longer duration of follow-up. In one study that involved 45 patients having vaginal surgery for pelvic organ prolapse at the time of sling insertion [9] , the objective cure rate was 42.5%, on the basis of urodynamic assessment at 1-year follow-up, bearing in mind that only 40 (88.9%) patients had this assessment. Another study [13] reported an objective failure rate of 8% at a median followup duration of 25 months. In one study [3] , 10% of patients had positive stress test 3-6 months after surgery, though none reported stress incontinence. This study, however, entailed prophylactic TVT sling insertion for occult stress incontinence at the time of having vaginal surgery for severe pelvic organ prolapse. On the other hand, the cure rate in this series matches the rates in most of the published studies that looked at TVT sling insertions alongside vaginal surgery for pelvic organ prolapse and vaginal as well as laparoscopic-assisted vaginal hysterectomy [4-6, 8, 12, 14] .
All major abdominal procedures were performed under general anaesthesia before the insertion of the TVT sling. However, there was considerable variation in surgical as well as anaesthetic technique with all other procedures. This was the case even in the same hospital and sometimes for the same surgeon, as reported in some of the published reports [3] [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] , and simply illustrates the lack of evidence to support one form of anaesthesia or a particular order in doing concomitant surgery over another. Whilst it could be argued that TVT sling prior to vaginal surgery for pelvic organ prolapse may be inappropriate, as prolapse surgery may affect the position, and thus tension, of the tape [11] , larger prospective randomised controlled trials will help in clarifying these aspects. This is particularly important to avoid styles like waking patients up for cough test to adjust the tension of the TVT sling after general anaesthesia for major surgery.
The results of this series should be considered in light of its limitations. There was no control arm as it was not easy to identify patients who had their surgery on two sittings. Several published studies did not include a control arm [4, [6] [7] [8] 13] , and even the ones that included a control arm did not actually have a proper one. Some compared patients having TVT sling insertion alongside concomitant surgery to those having TVT sling insertion alone [3, 9, 11, 12, 14] , and one compared them to those having the concomitant surgery without TVT sling insertion [10] . A proper comparison would be comparing single-sitting versus twositting approach to those in need of TVT sling insertion alongside other gynaecological procedures. The series, as well most published studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , only looked at the safety and effectiveness of the TVT sling complications and outcome rather than those of the other gynaecological procedure(s) carried out at the same time. The other side of the comparison, for example looking at hysterectomy alone versus hysterectomy and TVT sling insertion, is also needed to complete the picture. Only one study looked at mesh repair for pelvic organ prolapse with or without concomitant tension-free vaginal tape sling insertion [10] .
Other limitations of the study include its retrospective nature and the fact that it only provided short-term outcome. These limitations also mark available studies. Some studies were retrospective [10, 12] and none of the published prospective studies were randomised [4, 5, 8, 11, 13] . It is true that most studies included long follow-up ranging from 1 year [4, 6, 7, 13 ] to 2 years [12] and 3 years [11] . However, this longer term follow-up did not include all patients [6] and over a third of patients had <6 months of follow-up in one study [12] , and long-term data were amalgamated together for those who had TVT sling insertion alone and those who had the insertion alongside other gynaecological operations in another [11] . The series here focused on perioperative complications and subjective short-term outcome, usually when patients are discharged to their general practitioners at British hospitals. This reduces the limitation of the short-term nature of the follow-up.
The study relied on subjective outcome and entailed a relatively small number of cases from each hospital.
Several published studies relied on subjective outcome [3, 11, 12] . Some of the studies that included objective assessment did not include a full urodynamic assessment [4, 6, 8, 13] , and not all patients had full urodynamic assessment when it was included [7, 9, 10] . Although the number of cases included in this series exceeded that required by power calculation, cases came from a number of hospitals. This meant that small numbers were obtained from individual hospitals, let alone individual consultants. However, this reflects the frequency with which such concomitant surgery was carried out at the same time as having TVT sling insertion. Whilst it is difficult to identify how many cases had surgery in separate sittings, addressing this area may encourage others to look at it further. All these features underline the limitations of available evidence in this area.
Despite these limitations, the series has a number of features not matched in published studies. It represents the largest series looking at TVT sling alongside concomitant gynaecological surgery. Numbers included in published studies ranged from 26 [10] and 28 [12] to 75 [11, 13] . The series was based on power calculation, which was not carried out in any of the published studies [3, 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] . The series included the full range of minor and major abdominal, vaginal and laparoscopic operations for prolapse as well as other gynaecological problems carried out alongside TVT sling, providing a real-life account of current UK practice. It involved those who had previous continence and prolapse surgery as well as those with mixed incontinence.
Although the grade of evidence provided in this series is reduced by its limitations, it is the best available evidence that reflects real life in British Hospitals. It provides reassurance that concomitant surgery alongside TVT sling insertion does not increase its risk or reduce its effectiveness, apart from a possible rise in short-term retention of urine. Its main value, however, is showing the significant variation in practice, therefore highlighting the need for more and better research into this area. Such a detailed look would require looking at far greater number of hospitals. Whilst the availability of a national register (www.BSUG. net) should enhance access to larger cases, all relevant factors are better addressed in a randomised study with provision for long-term follow-up.
Conclusion
From examining the notes of the 116 cases included in this study, it possible to conclude that having TVT sling insertion for urodynamic stress incontinence alongside other gynaecological operations does not increase the incidence of operative or early postoperative complications associated with TVT sling insertion or reduce its subjective short-term effectiveness. It is likely that concomitant surgery effects an increase in short-term voiding dysfunction, though this needs further evaluation. A considerable variation in anaesthetic as well as surgical technique was observed, reflecting the lack of evidence to support one approach over another and calling for randomised studies to inform best practice.
